The aim of this study was to assess whether preoperative multiple detector computed tomography (MDCT) accurately predicts adrenal involvement for patients undergoing non-adrenal sparing radical nephrectomy for renal cell carcinoma. Methods and Materials: A retrospective observational study based on a composite patient population of two university teaching hospitals who underwent radical nephrectomy. Sensitivity, specificity, overall accuracy, positive and negative predictive values and likelihood ratios were calculated from radiological reports. Results: Total 579 patients underwent radical nephrectomy, of which 199 (34.4%) patients underwent a non-adrenal sparing radical nephrectomy, in which 128 (64.3%) were male and 118 (59.3%) were left side tumors. Mean tumor size was 8.2 cm (range 1.4-20cm). MDCT was found to have a sensitivity of 100% and specificity of 95.2% for identifying adrenal invasion. Total 179 patients (89.9%) had a radiographically normal ipsilateral adrenal gland, of which none were found to have adrenal involvement. Therefore, the negative predictive value of preoperative cross-sectional imaging for identification of adrenal involvement was 100%. Conclusion: Cross-sectional MDCT imaging accurately predicts adrenal involvement and the decision to remove or spare the adre-
Introduction
Radical nephrectomy (RN) is the treatment of choice for early stage renal cell carcinoma (RCC) where partial nephrectomy is not safe or feasible. Ipsilateral adrenalectomy (IA) at the time of RN was considered crucial for cancer control and thus was routine from the time of its initial description by Robson et al in 1969 [1] .
The availability of modern cross sectional imaging such as multiple detector computed tomography (MDCT) has resulted in not only an earlier presentation and detection of lower stage renal tumors [2, 3] but also accurate characterisation of adrenal gland involvement by RCC [4] .
The current European Association of Urology guidelines for RCC state that IA during RN has no survival advantage and is not recommended when there is no clinical evidence of invasion of the adrenal gland [5] . Ipsilateral adrenal invasion is rare about 1-5% [6, 7] . In a systematic review of adrenalectomy at the time of RN, O'Malley et al., concluded IA should be considered in select cases in which there are risk factors for adrenal innal gland should be made preoperative planning regardless of tumour size or location at the time of multi-disciplinary discussion unless there is intraoperative evidence of adrenal invasion.
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Nason/Aslam/Giri volvement [8] . Despite this, there remains wide variation in practice regarding the removal or preservation of the adrenal gland at RN. Yap et al. [9, 10] , reported a 30% adrenalectomy rate for small organ confined RCC with an associated worse overall survival and this may be due broad clinical indication of adrenalectomy during RN as suggested in the EAU guidelines. Thus there is need for better preoperative planning with regard to the decision to remove or preserve the adrenal gland.
The aim of this study was to assess whether preoperative MDCT accurately predicts adrenal involvement for patients undergoing non-adrenal sparing radical nephrectomy (NASRN) for RCC.
Methods and Materials
This was a retrospective observational study based on a composite patient population of two university teaching hospitals who underwent radical nephrectomy for RCC between January 2000 and December 2012 following review by the institutional review board. Demographic, clinical and pathological (tumor, node, metastases classification) details on these patients were collected.
Histopathological data were obtained from the final pathology. Tumors were graded according to the Fuhrman grading system for RCC. Pathological details were assessed from final histopathological reports. The tumor, node, metastases classification was adjusted according to the American Joint Committee on Cancer 2010 guidelines. All histological specimens were independently reviewed by at least 2 consultant histopathologists. All cases were discussed pre and post operatively at departmental multi-disciplinary meetings before and after RN. Our exclusion criteria included patients who underwent an adrenal sparing radical nephrectomy (ASRN), benign histology and those with transitional cell carcinoma. All patients had tri-phasic renal protocol MDCT as part of staging investigation. Tumor location was identified based on review of preoperative radiology imaging. Radiological involvement of the adrenal gland was considered when the gland appeared enlarged, nodular and irregular in outline or contained a soft tissue lesion not consistent with adenoma by radiographic criteria (less than 10 Hounsfield units on unenhanced computed tomography) or was obscured by the renal tumor mass.
Diagnostic accuracy of MDCT scan (designed to distinguish involved adrenal gland from uninvolved adrenal gland) can be quantified by the measures such as sensitivity and specificity, overall accuracy, positive and negative predictive values and positive and negative likelihood ratios.
Statistical analysis was performed using Pearson's χ 2 test and the Fisher exact test to compare categorical variables, and the Student t-test for comparison of continuous variables (SPSS Version 21.0 New York, USA). A p-value of 0.05 was considered statistically significant.
Results
Between 2000 and 2012, 579 patients underwent RN, of which 199 (34.4%) patients underwent a NASRN. The mean age of these patients was 59.6 years and 128 Histopathological characteristics are recorded in table 1. There was evidence of adrenal involvement in 11 (5.5%) patients.
Patients who had evidence of adrenal invasion had significantly higher grade tumors-Fuhrman G3/4 (100 vs. 53.7%, p = 0.003). Tumor size, location, evidence of vena-caval invasion or tumor necrosis was not associated with any difference (table 2) .
MDCT images and official radiology reports were reviewed for all patients. MDCT was found to have a sensitivity of 100% and specificity of 95.2% for identifying adrenal invasion (table 3) .
Overall, 179 patients (89.9%) had a radiographically normal ipsilateral adrenal gland, of which none were found to have adrenal involvement. Therefore, the negative predictive value of preoperative cross-sectional imaging for identification of adrenal involvement was 100%. Table 4 demonstrates very high predictive ability of CT imaging with regard to involvement of adrenal gland.
Of the 11 patients with histopathological confirmed adrenal invasion-all of these patients had evidence of direct adrenal invasion on CT. Eight (72.3%) had upper pole tumors. One patient had distant metastatic disease at presentation with lung metastases. There was no history of bilateral renal tumors.
Of the nine patients who had radiological evidence of adrenal invasion but no histopathological evidence of invasion, the imaging was re-examined by an independent radiologist. In each case-the independent radiologist gave a similar report of adrenal invasion-in each case there was loss or distortion of the fat plane between the kidney and the adrenal with an upper pole tumor.
Discussion
Our study demonstrates that cross sectional MDCT imaging accurately out rules adrenal invasion with RCC. In our cohort, adrenal invasion was present in only 5.5%. All of those patients had suspicion of adrenal involvement on CT. Histologically we did not identify adrenal involvement in any patient with a negative preoperative imaging. Thus, an ASRN can be safely planned preoperatively based on MDCT imaging regardless of tumour size or location. This study echoes the findings of Blakely et al. [12] , who also showed 100% negative predictive value of modern cross-sectional imaging with regard to adrenal involvement.
There has been a considerable shift towards partial nephrectomy and the current EAU guidelines recommend nephron sparing surgery should be performed irrespective of surgical approach [5] . Despite this, RN is still often performed for organ confined RCC where nephron sparing surgery is not safe or feasible. Although IA was an element of RN at the time of its initial description (Robson's radical nephroadrenalectomy [1]) -there is Table 3 . Sensitivity, specificity, positive predictive value, negative predictive value of cross sectional imaging in identifying adrenal Overall the incidence of adrenal invasion is low (< 5%), similar to our findings. Certain tumour characteristics have traditionally been associated with an increased risk of adrenal involvement-such as tumor size, tumor location, venous thrombus status, and radiographic appearance have all been proposed as factors in decision making [6] . Recent evidence has suggested a shift from this practice. Kutikov et al. [7] reported high sensitivity and specificity of radiological imaging in identifying adrenal invasion, similar to our findings. Pre-operative imaging should inform the decision to preserve or remove the adrenal gland as opposed to tumor site or size.
However IA is still being performed in some settings despite its low incidence and lack of evidence supporting significant oncological benefits. Yap et al. [9] reported a series of pT1a (< 4cm) renal cell carcinoma that underwent radical nephrectomies from the Ontario Cancer Registry. The overall ipsilateral adrenalectomy rate was 30% with an associated reduced overall 10 year survival rate (79.8 vs. 74.1%, adrenalectomy versus adrenal-sparing). However, there was no difference in cancer specific survival (94.5 vs. 93.3%), adrenalectomy versus adrenal-sparing) which was expected given the excellent prognosis with pT1a tumors. Bazzi et al. [15] reported a 48% adrenalectomy rate in Memorial Sloan-Kettering in 802 patients undergoing surgery for locally advanced RCC, although adrenalectomy rates decreased with time. While Blakely et al. [12] reported a 40% IA rate despite only 5% having adrenal involvement in a series of 117 patients.
Apart from a lack of evidence demonstrating any survival benefit of a NASRN, there are numerous reason to promote the preservation of the adrenal gland. Although IA is not associated with significant Intraoperative morbidity, there are possible long-term effects associated with a solitary adrenal gland. The risk of developing an ipsilateral or contralateral adrenal metastasis is independent of IA at the time of RN even in high risk tumors [6] . Furthermore, there have been reports of impairment of adreno-cortical function even with a remaining functioning contralateral adrenal gland [16, 17] .
We acknowledge our retrospective cohort study with obvious limitations. Firstly our institution is a tertiary referral centre and the imaging studies were not all performed or reported centrally. Despite this, all studies were reviewed at the institutional multi-disciplinary meeting preoperatively. Furthermore, despite this being a historical series, the histological specimens were not re-examined and updated by a consultant histopathologists. However this does improve the generalisability of our data.
Conclusion
Ipsilateral adrenal invasion by RCC is rare. Crosssectional MDCT imaging accurately predicts adrenal involvement and the decision to remove or spare the adrenal gland should be made preoperative planning regardless of tumour size or location at the time of multi-disciplinary discussion unless there is intraoperative evidence of adrenal invasion.
